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x = −a x = a ,
(x < −a, a < x)
Ec, po, ko, (−a ≤ x ≤ a) pi, ki
V0
po = ~ko =
√
2mEc (2.13)
pi = ~ki =
√
2m (Ec + V0) (2.14)
, ~ Dirac , exp (±ikox),





A exp (ikox) (a < x) (2.15)
B exp (ikix) + C exp (−ikix) (−a ≤ x ≤ a) (2.16)
D exp (ikox) + E exp (−ikox) (x < −a) (2.17)
, A,B,C,D,E Ψ dΨ/dx x = ±a
10
,A exp (ikoa) = B exp (ikia) + C exp (−ikia) (2.18)
ko
ki
A exp (ikoa) = B exp (ikia)− C exp (−ikia) (2.19)
D exp (−ikoa) + E exp (ikoa) = B exp (−ikia) + C exp (ikia) (2.20)
D exp (−ikoa)− E exp (ikoa) = ki
ko
[B exp (−ikia)− C exp (ikia)] (2.21)




































































































(2.28) ko = ki T = 1 ko = ki V0 = 0
, ,
ko 6= ki , T 1 ,
, ko 6= ki sin2 (2kia) = 0 , ki = Nπ/2a(N : )






2m (Ec + V0) (2.29)


























Ψ = Ψi sin(kir) (2.32)
Ψi , , ,
Ψ = Ψo sin (kor + δ0) (2.33)
, k2o = 2mEc/~
2 , Ψo δ0
, (2.30)
Ψo δ0 , Ψ dΨ/dr r = a ,
Ψi sin(kia) = Ψo sin (koa+ δ0) (2.34)
kiΨi cos(kia) = koΨo cos (koa+ δ0) (2.35)
, (2.30) δ0 , (2.35) (2.34)
ko cot (koa+ δ0) = ki cot (kia) (2.36)
(2.36) δ0
tan δ0 =
ko tan (kia)− ki tan (koa)
ki + ko tan (kia) tan (koa)
(2.37)
(2.30) δ0 π S = 0 δ0 π
, tan δ0 = 0 (2.37) 0 , ki ko








, S 0 kia, koa≪ 1 , tan kia ∼= kia, tan koa ∼= koa
, (2.39) , ki
√
2mV0/~ , V0 a ,




, δ0 , nπ
, Bohr
2.1.3 1 Peierls








, 1 1 T 1
Q ,
Q→ 2kF , T → 0 , Q = 2kF
, kF 1 Fermi 1 Peierls
[10] ,
, Peierls [11, 12]
Peierls , 1
, 1 1 , 1
a n n = 1/a , Fermi kF kF = 1/4·2π/a = 1/4·a∗
a∗ , 1 Brillouin
, n < 2/a
, Q, uQ
u
u = uQ cos (Qx) (2.40)
V
V = VQ cos (Qx)
= guQ cos (Qx) (2.41)
g –










, uQ ρQ ,
Q , k = Q/2
Eg Eg = 2 |VQ| = 2g |uQ| = 2∆
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ǫ , Fermi (2.44) 1 2
, E D(E) , E0k
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O Landau O− ,

















, Peierls , 1









, T βT = 1/kBT








exp [(iω + α)t] Tr ([exp (−βTH) , rµ] exp (−iHt) jν exp (iHt)) dt (2.49)
, rµ µ
jν = −iq [H, rν ]
k |k > ,






< k1| [H, rµ] |k2 >< k2|rν |k1 > × fβ(ǫk2)− fβ(ǫk1)
ǫk1 − ǫk2 + ω − iα
(2.50)
, fβ(ǫ) = 1/(1 + e
−βT ǫ) Fermi , k1 k2 1 2
(2.50) < k2| [H, rν ] |k1 >= (ǫk2 − ǫk1) < k2|rν |k1 > Dirac
πδ(ǫk − ǫ) = limη→0 η/
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′ − ǫ+ i(s1η1 − s2η2)]
× Trn [Grr′ (ǫ′ + is1η1)Gr′r (ǫ+ is2η2)]× fβ(ǫ
′)− fβ(ǫ)
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′ (2.52)
, Trn n , 2 Dirac
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[15, 16]
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2 H = diag(ek,−ek)
Fourier −iq [H, rµ]→ q∂H/∂kµ
k = (±4π/3√3, 0), (2π/3√3,±2π/3), (−2π/3√3,±2π/3) 6 , ek
H











9/4 2 k ,
d2k = Jdh1dh2 h1 h2 ,
19
J = 4/9 , ,
J(2π/3)ekdek = (8π/27)ekdek (0 ≤ ek ≤ λ)
, (2.51)
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Efs − Efn0 = α |Ψ|2 + 1
2
β |Ψ|4 (2.57)
, α, β , Efn0 Ψ
, Efs − Efn0 ,
∂
∂ |Ψ| (Efs − Efn0) = 2α |Ψ|+ 2β |Ψ|
3 (2.58)
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, α, β
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α′ α′ > 0
, Ginzburg–Landau F
Ψ , T , E ∆E
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(2.57) |Ψ| = 0
, ∆E = (Efs − Efn0)V ∝ kBT , |Ψ|2
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3C k 1 ABC 3
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[57, 58]
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2.2.3.2 YBa2Cu3O7−δ







[99–102] , CuO2 2
, , Saint James de Gennes , 50
(Surface Super Conductivity; SSC) [103] ξ (T ) T
, SSC ξ (T )
[104–106]
, YBa2Cu3O7−δ ξ (0) 1.5nm , YBa2Cu3O7−δ SSC
II , 3
Hc1 , Hc1 Hc2 ,
, Hc2 Hc3 SSC Hc1, Hc2, Hc3 Tc1, Tc2, Tc3 3
, SSC 3 Hc3 =1.69Hc2 =2.392κHc1
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, SAW Rayleigh Rayleigh
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, , Love SAW
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SAW (InterDigital Transducer, IDT)
3.1 IDT
IDT , SAW , SAW
IDT SAW IDT ,
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IDT λs dp
λs = 2dp (3.1)
, vs , fs
vs = fsλs (3.2)
, λs fs , dp











H.Fritzsche air gap Vae Iae ,




, 3.2 , d,
σs, ǫs Rayleigh
hs Rayleigh , LiNbO3
4000m/s vs , Rayleigh
E
E = −∇φ (3.3)
J
J = σsE −D∇n (3.4)




+∇ · J = 0 (3.5)
, (3.4) σsE















σs ≫ k2ǫsǫ0D (3.8)
, 50MHz Si k = 330cm−1
, (3.8) 3.9 10−8 Ω−1cm−1 ,
φ Laplace
∇





3.2 , z (traveling) , x
, (3.9) ,
φs = φ0 {A cosh [k (y − hs)]−B sinh [k (y − hs)]} exp [i (ωt− kz)] (3.10)
42
φ0 ,
φ = φ0 exp [i (ωt− kz)] (3.11)
φ0 Rayleigh PR
(3.10) A B
(kd ≫ 1), 2 ,




, y = hs( 1)
y = hs + d( 2)
, , , ,
φv = φ [C cosh (ky)−D sinh (ky)] 0 ≤ y ≤ hs (3.12)
φs = φ [A cosh k (y − hs)−B sinh k (y − hs)] hs ≤ y ≤ hs + d (3.13)
φg = φG exp [−k (y − hs − d)] hs + d ≤ y (3.14)
,
φ = φ0 exp [i (ωt− kz)] (3.15)
y = 0, , y = 0
φv = φ (3.16)
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y = hs








, y = hs + d



















y = hs + d (3.22)







ǫ∗ kd≫ 1 , A = B = A∞
C = 1 (3.24)
A∞ = cosh (khs)−D sinh (khs) (3.25)
ǫ∗A∞ = D cosh (khs)− sinh (khs) (3.26)
(3.25) (3.26) ,















































, (3.31) σs, µs, ω















, T , q , n , Nc













, Z , Z0
SAW , vae, iae
(Z ≫ Z0) , (Z ≪ Z0)
3.3:
SAW ,















, ρr , l , S , σ , V
Joule J , I V
,
J ∝ IV (3.38)
, S =1m2
Si(Sb) 10Ωcm ,





, 1019cm−3 4H-SiC(N) , 0.03Ωcm ,
Si 103Ωcm , ( 10−3Ωcm)
,


















3.1 SAW 3.1 SAW
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, 4.5µs IDT SAW
3.1: SAW
LiNbO3
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[13, 14] SiC , [15, 16]
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Hall , , Hall
• TAS(Thermal Admittance Spectroscopy)







DLTS(Deep Level Transient Spectroscopy) , C–V
ICTS(Isothermal Capacitance Transient
Spectroscopy) [31, 32] ,
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6H-SiC(N) SiC N 0.05− 0.10 ∼ 5× 1018 10× 10 500 < 0001 > Si
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T [K] 1/kBT [(1/meV)]
T x Arrhenius , 42.7meV,
32.7meV, 29.9meV , Si
Sb 1s A1=42.7meV, 1s T2=32.9meV, 1s E=30.6meV [1]
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E1 42.7meV 42.7meV 1s (A1)
E2 32.7meV 32.9meV 1s (T2)
E3 29.9meV 30.6meV 1s (E)
4.2: Si(Sb)
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4.9: 4H-SiC(N) X
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1/kBT < 0.05(1/meV) , 0.05(1/meV)< 1/kBT < 0.15(1/meV)
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2.44eV , 4.10 2.67eV(464nm) 2.2eV(550nm)
4H-SiC 6H-SiC
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5.4: HOPG, MWCNT, C60, C70
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6.5: YBa2Cu3O7−δ X
6.6: YBa2Cu3O7−δ SEM 6.7: YBa2Cu3O7−δ SEM
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